Cerebral venous thrombosis was identified in four rhesus monkeys. Two initially showed neurologic signs and three had diarrhea or dysentery. All four had severe intestinal disease, including three cases of ulcerative colitis complicated by extracerebral thromboembolic disease. Central nervous system lesions, confined to the centrum semiovale, were multiple thrombi of internal cerebral veins, perivenular demyelination, and gemistocytic astrocytosis. The lesions resembled those found in people with cerebral venous thrombosis, and support the hypothesis that perivenular demyelination may occur as a sequela to venous occlusion. The lesions were identical to those found in "leukoencephalosis and perivascular myelosis," an entity of unknown cause previously described in monkeys.
Years in colony Enteritis was the presenting symptom in monkeys 1, 3 and 4. Monkey 1 was found prostrate with bloody diarrhea and died before a clinical examination could be made. Monkey 3 had a five-week history of weight loss and watery diarrhea. Results of fecal and hematological examinations and serum chemistry determinations were within normal limits except for elevated globulin (4.8 g/dl) and lactic dehydrogenase (323 S.I. units). Parts of the small intestine and colon were removed by laparotomy for culture and histologic examination. The monkey never recovered completely from anesthesia and died by the following morning.
Monkey 4 developed severe watery diarrhea following treatment of a necrotic ischial pad. The monkey had elevated blood urea nitrogen (150 mg/dl) and creatinine (2.1 mg/dl), and leukopenia (total white blood count: 2,823). A barium gastrointestinal series showed hypermotility. Chronic ulcerative stomatitis, from which Pseudomonus was cultured, also was found. Despite fluid, antibiotic and anticholinergic therapy, diarrhea continued and the monkey died five days later. Monkeys 2 and 4 showed neurological signs. Monkey 2 first showed a loss of balance. Over the next seven weeks, the condition slowly progressed until the monkey was unable to stand and required hand feeding. A detailed neurologic examination was made when the monkey was lying on its side. The degree of alertness varied from semicomatose to alert when aroused. There was weakness on the left side and a slow response on the right when the monkey tried to walk. Proprioceptive responses were absent in both feet and the left hand. No cervical pain was noted on palpation. When placed on its right side, the monkey would rise and then fall to the left. The patellar reflexes were hyper-reflexive, the triceps reflexes were brisk and the biceps reflex absent. The arms and legs were resistant to passive flexion and extension. The pupils were responsive but sluggish. Tapping of the midline of the lip caused the mouth to pucker. From these findings, multifocal cerebral disease was suspected.
Clinical laboratory results showed clear cerebrospinal fluid with a specific gravity of 1.007, a trace protein, no glucose, and no cells. Serum chemistry determinations showed hypoglycemia and elevated blood urea nitrogen, lactic dehydrogenase, glutamic oxaloacetic transaminase, and glutarnic pyruvic transaminase. Urinalysis and hematologic examinations showed no abnormalities. The monkey's condition continued to deteriorate; it died and was necropsied. 
Monkey 4, in addition to severe diarrhea, had several seizures on the third day of its illness. Cerebrospinal fluid analysis was normal and the seizures were controlled with Valium.
Materials and Methods
Complete necropsies were done on all four monkeys. Tissues were fmed in neutral buffered formalin, embedded in paraffin, sectioned at 6 pm, and stained with modified Mayer's hematoxylin and eosin (HE). Selected sections of brain were stained with luxol fast blue-cresyl violet and phosphotungstic acid hematoxyli stains. Appropriate samples were taken for aerobic bacterial culture and identification.
Results
The major lesions, summarized in table 11, were cerebral and dural venous thrombi; perivascular demyelination with associated gemistocytic astrocytosis; ulcerative colitis; and extracerebral vascular thrombi.
Macroscopic evidence of cerebral venous thrombosis was seen only in monkey 2, which had bilateral areas of hemorrhage in the centrum semiovale. Microscopically, sections of this area showed multiple venous thromboemboli. Veins were distended with thrombi of various ages ranging from laminated or globular fibrin intermixed or layered with red blood cells to organizing thrombi with recanalization and fibroblast proliferation ( fig. 1 ). Surrounding the thrombosed vessels was extensive leukoencephalomalacia with lipid-and hemosiderin-laden macrophages, and hemorrhage. Besides the cerebral venous thrombi in monkey 2, a fresh thromboembolus was found in the dural venous sinus (fig. 2 ). The dura mater of the other monkeys was not available for histologic examination.
The venous thrombi found in monkeys 1 and 4 involved medium-and large-sized veins located in the centrum semiovale corresponding to the venous system of Galen. The affected veins were distended by red blood cells and dense eosinophilic material, arranged in strands and globules, that stained for fibrin with phosphotungstic acid hematoxylin stain ( fig. 3) . A few hemosiderin-laden macrophages were found in perivenular spaces and in the surrounding parenchyma.
The demyelinating lesions in monkeys 1,3 and 4 were patchy, poorly circumscribed areas of myelin pallor in the centrum semiovale and internal capsule. In monkeys 3 and 4 the lesions were most extensive in the frontal lobe, distributed primarily around small venules ( fig. 4) . Within the areas of pallor were collections of gemistocytic astrocytes (fig. 5 ), and frequently, several demyelinating foci coalesced to form larger areas. In monkey 3, lipid-laden macrophages accompanied the demyelination. Peripheral to the leukoencephalomalacia in monkey 2, a poorly circumscribed area of demyelination and gemistocytic astrocytosis blended into normal white matter. Similar irregularly shaped foci of myelin loss and gemistocytic astrocytosis were seen in other areas of the centrum semiovale, occasionally showing a perivenular distribution.
Except for focal thalamic involvement in monkey 3, there were no demyelinating lesions in the corpus callosum, cortical gray matter, thalamus, brain stem, cerebellum, spinal cord, or optic nerve.
All four monkeys had enteritis of varied intensity. Three monkeys had severe chronic active ulcerative colitis. Besides ulcers, there were crypt abscesses and necrosis as well as regenerating crypt epithelium and a dense neutrophilic infiltrate. Monkey 1 had many fibrin thrombi in the mucosa and submucosa. The submucosa of monkey 3 was fibrotic and contained infiltrates of neutrophils and lymphocytes. Pseudomonas was cultured from the lymph nodes, kidney, lung, and colon of monkey 1 at necropsy. Monkey 3 had amyloid in the lamina propria of the small and large intestines, and fibrin thrombi in small vessels of the small intestines. In addition, adjacent to the site of small intestinal anastomosis, there was severe acute enteritis. Pseudomonas was cultured from the colon. Amyloidosis of the spleen and lymph node also was seen.
Other significant lesions consisted of severe patchy chronic active myocarditis with focal myocardial necrosis in the right ventricle of monkey 2. This monkey also had a small thrombus in a deep leg vein.
Discussion
The lesions described in this report document the occurrence of cerebral venous thrombosis in four rhesus monkeys. The involvement of the internal cerebral veins of centrum semiovale and dural venous sinuses, leukoencephalomalacia, and hemorrhage in these monkeys are similar to the lesions of cerebral venous thrombosis in man. The association of cerebral venous thrombosis with other lesions such as ulcerative colitis [3,6, 10, 121, dehydration, heart disease, and extracerebral vascular thrombosis also has been reported in man [4, 8, 19) .
Intestinal disease was common to all four monkeys. The nature of the relationship, however, is not readily apparent. Ulcerative colitis, for example, is a relatively frequent post-mortem finding in our rhesus colony without any evidence of cerebral venous thrombosis. In man, thromboembolic disease is recognized as a significant complication of ulcerative colitis, with pelvic plexus, lung, spleen, and kidney most commonly affected [lo] . A coagulation defect possibly related to platelet function and thromboplastin generation has been suggested [5] . In support of this theory, both accelerated thromboplastin generation [ 181 and increased factor VIII activity [ 161 have been found in people with ulcerative colitis. The presence of extracerebral vascular thromboemboli in three of our monkeys also suggests coagulopathy . Positive Pseudomonas culture in three of four monkeys is noteworthy and may suggest a role in cerebral venous thrombosis.
An unusual aspect of our cases compared with cerebral venous thrombosis in man is the marked gemistocytic astrocytosis and extensive perivenular loss of myelin. Identical lesions have been described in experimentally produced cerebral venous obstructive studies in cats [21] . In those studies, the lesions were confined primarily to the centrum semiovale and consisted of gemistocytic astrocytosis and destruction of myelin sheaths and axon cylinders. It has been proposed that similar lesions may occur in man as sequelae to cerebral venous thrombosis, but conclusive evidence is lacking [14, 151. Our results, therefore, provide strong evidence that in certain instances, at least, demyelination and astrocytosis may follow venous occlusion and that cerebral venous thrombosis should be considered in the differential diagnosis.
The demyelinating lesion in cerebral venous thrombosis probably is caused by perivenular edema secondary to venous blockage. Apparently, there is increased intravenous pressure distal to the site of occlusion, forcing fluid into perivenular tissue, which destroys the more susceptible myelin sheaths and axons but spares astrocytes. In support of the role of cerebral edema in demyelination is the observation that similar lesions in the cerebral white matter in man are caused by cerebral edema associated with tumors of the cerebral hemisphere [ 1 11.
Lastly, the lesions in monkeys 1 and 3 seem to be identical with those of confluent leukoencephalosis and perivascular myelosis of the cerebral type, a demyelinating disease of monkeys [20] . The lesions in this poorly understood entity consist of illdefined bilateral, perivenular, demyelinating foci that may coalesce to form larger, "moth-eaten" areas. These lesions may involve all or part of the centrum semiovale, but they spare cerebral gray matter, basal ganglia, cerebellum, and brain stem. Conspicuous gemistocytic astrocytosis is another feature of the entity. Although its cause was not determined, the condition may be related to a gastrointestinal disorder [20] . The similarity of the lesions to those we report suggests that, in fact, these two diseases are the same. Absence of reported venous thrombi in monkeys with leukoencephalosis as well as in our monkey 3 may reflect a sampling error, or thrombi in the dural venous sinuses may have been overlooked.
